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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a complex metal oxide powder comprising at least two metal elements which is 
used as a raw material powder of an oxide ceramic that is used as a functional material or a structural material, which 
is used in a dispersed state as a f Bier or a pigment or which is used as a raw material powder for the production of a 
single crystal or for flame spray coating, and a method for the production thereof. 

to PRIOR ART 

In general, an oxide ceramic which is used as a functional material or a structural material is produced through a 
molding step and a calcination step from a metal oxide powder as a raw material. Properties of the metal oxide powder 
to be used as the raw material have a large influence on the production steps, and functions and physical properties of 
15 the ceramic product. Then, it is highly desired to provide a complex metal oxide powder having powder properties which 
are precisely controlled so that they are suitable for an intended application. 

When a metal oxide powder is used in a dispersed state such as a magnetic fine powder, a filler or a pigment since 
properties of each particle are reflected directly on the dispersed state, the control of the properties of the powder is 
more important. 

20 The required properties of the complex metal oxide powder vary with a kind and application form of the metal oxide. 
Commonly required properties are a uniform particle size of the metal oxide powder, that is, a narrow particle size dis- 
trfoution, and a weak bond among primary particles, that is, less agglomeration and good dispersibiRty. 

For example, yttrium-aluminum garnet is, in a narrow sense, a complex metal oxide represented by the general for- 
mula: Y 3 Al50 12 » and in a broad sense, it includes a complex metal oxide in which a part of yttrium elements are 

25 replaced by cerium, neodyrrrium, terbium, and the like. The yttrium-aluminum garnet is useful as a mother material in 
optoelectronics. For instance, single crystal yttrium-aluminum garnet in which a part of the yttrium element is replaced 
by neodymium is used as a laser oscillator material, and crystalline particles of the yttrium-aluminum garnet in which a 
part of the yttrium element is replaced by cerium or terbium are used as a fluorescent substance, and so on. 

A rare earth element-iron garnet (F^Fe^a wherein R is a rare earth element) which is represented by yttrium-iron 

30 garnet (Y 3 Fe50 12 ), or a garnet in which a part of the rare earth element and/or iron is replaced by another metal is use- 
ful as a magnetic material for microwave applications, or a material of a part which uses a magnet-optical effect. 

A solid solution of metal compounds, for example, a solid solution of zirconium oxide and an oxide of at least one 
metal selected from yttrium, magnesium, calcium, cerium and rare earth elements such as scandium and ytterbium is 
useful as a material to be used in a high temperature resistant material, an ion conductive material, a piezoelectric 

35 material, etc. Further, it is used as a raw material of a sintered material or flame spray coating. 

Hitherto, these complex metal oxides are produced by a liquid phase method, a solid phase method, a gas phase 
method, a hydrothermal synthesis method, a flux method, and the like. The produced metal oxide powders have some 
problems such as formation of agglomerates, a wide particle size distrbution of the intended product, removal of impu- 
rities, control of a particle size, and so on, and they are not necessarily satisfactory. Further, the above production meth- 

40 ods themselves have problems including reaction conditions such as complicated procedures and difficult control, 
problems of apparatuses, costs of raw materials, and so on. Then, rt has been desired to develop a complex metal oxide 
powder which contains less agglomerated particles and have a narrow particle size distribution, and to develop a 
method for producing such complex metal oxide powder generally and advantageously in an industrial production. 

45 SUMMARY OF T HE INVENTION 

An object of the present invention is to provide a complex metal oxide comprising at least two metal element which 
contains less agglomerated particles and has a narrow particle size distribution and a uniform particle shape, and is 
preferably used as a metal oxide powder to be used as a raw material powder of an oxide ceramic that is used as a 
so functional material or a structural material, a metal oxide powder to be used in a dispersed state as a filler or a pigment, 
or a metal oxide powder to be used as a raw material powder for the production of a single crystal or for flame spray 
coating. 

Another object of the present invention is to provide a production method which can be generally employed in the 
production of such metal oxide powder and is excellent industrially. 
55 As a resutt of tt« extensive study on the complex metal oxide powders, rt has been found that when a raw material 
is calcined in a specific atmosphere gas. the above described complex metal oxide comprising at least two metal ele- 
ments which contains less agglomerated particles and has a narrow particle size distribution and a uniform particle 
shape is obtained, and that such method can be employed generally in the production of various metal codde powders 
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which are excellent industrially, and the present invention has been completed after further investigations. 

That is, according to a first aspect of the present invention, there is provided a complex metal oxide powder com- 
prising at least two metal elements, which comprises polyhedral particles each having at least 6 planes, a number aver- 
age particle size of from 0.1 to 500 um, and a D^JO^ ratio of 10 or less where D 10 and Dqq are particle sizes at 10 % 
5 and 90 % accumulation, respectively from the smallest particle size side in a cumulative particle size curve of the par- 
ticles. 

According to a second aspect of the present invention, there is provided an yttrium-aluminum garnet powder com- 
prising polyhedral particles each having at least 6 planes, and an average particle size of 20 to 500 \im. 

According to a third aspect of the present invention, there is provided a method for producing a complex metal oxide 
10 powder comprising at least two metal elements, which method comprises calcining a mixture of at least two metal oxide 
powders and/or metal oxide precursor powders, or a metal oxide precursor powder comprising at least two metal ele- 
ments in the presence or absence of a seed crystal in an atmosphere containing at least one gas selected from the 
group consisting of (1) a hydrogen haJide, (2) a component prepared from a molecular halogen and steam and (3) a 
molecular halogen. 

15 

PR I EF P5S CRIPTIQ N OF TH E PRAW INGS 

Fig. 1 is a scanning electron microscopic photograph (x 172) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 1 , 
20 Rg. 2 is a graph showing a particle size distribution of the yttrium-aluminum garnet powder of Example 1 , 
Ftg. 3 is an X-ray diffraction pattern of the yttrium-aluminum garnet powder of Example 1 , 
Fig. 4 is a scanning electron microscopic photograph (x 172) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 2, 

Fig. 5 is a graph showing a particle size distribution of the yttrium-aluminum garnet powder of Example 2, 
25 Fig. 6 is an X-ray diffraction pattern of the yttrium-aluminum garnet powder of Example 2, 

Fig. 7 is a scanning electron microscopic photograph (x 3000) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 4, 

Fig. 8 is a scanning electron microscopic photograph (x 850) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 5, 
30 Fig. 9 is a scanning electron microscopic photograph (x 850) shewing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 6, 

Fig. 10 is a scanning electron microscopic photograph (x 850) showing a particle structure of an yttrium-aluminum 
garnet powder observed in Example 10, 

Fig. 1 1 is a scanning electron microscopic photograph (x 425) shewing a particle structure of a dysprosium-substi- 
35 tuted yttrium-aluminum garnet powder observed in Example 1 2, 

Fig. 12 is a scanning electron microscopic photograph (x 1720) showing a particle structure of an oxide powder 
observed in Comparative Example 1, 

Fig. 13 is a graph showing a particle size distribution of the oxide powder observed in Comparative Example 1, 
Fig. 14 is a scanning electron microscopic photograph (x 425) showing a particle structure of a dysprosium-alumi- 
40 num garnet powder observed in Example 16, 

Fig. 15 is a scanning electron microscopic photograph (x 4250) showing a particle structure of an oxide powder 
observed in Comparative Example 5, 

Fig. 1 6 is a scanning electron microscopic photograph (x 425) showing a particle structure of an yttrium-iron garnet 
powder observed in Example 17, 
45 Fig. 17 is a scanning electron microscopic photograph (x 1720) showing a particle structure of an oxide powder 
observed in Comparative Example 6, 

Fig. 1 8 is a scanning electron microscopic photograph (x 850) shewing a particle structure of a gadolinium-iron gar- 
net powder observed in Example 18, 

Fig. 19 is a scanning electron microscopic photograph (x 4250) showing a particle structure of an oxide powder 
so observed in Comparative Example 7, 

Fig. 20 is a scanning electron microscopic photograph (x 8500) shewing a particle structure of a powder of a solid 
solution of yttrium oxide and zirconium oxide observed in Example 20, and 

Fig. 21 is a scanning electron microscopic photograph (x 4250) showing a particle structure of a powder of a solid 
solution of yttrium oxide and zirconium oxide observed in Comparative Example 9. 

55 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention will be explained in detail. 
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The complex metal oxide powder of the present invention comprises at least two metal elements and is a com- 
pound of said at least two metal elements and oxygen. The complex metal oxide powder comprising at least two metal 
elements includes a metal oxide solid solution powder containing at least two compounds each comprising a metal ele- 
ment and oxygen in a solid solution state. 
5 The method of the present invention produces a complex metal oxide by calcining a mixture of at least two metal 
oxide powders and/or metal oxide precursor powders, or a metal oxide precursor comprising at least two metal ele- 
ments in the presence or absence of a seed crystal in an atmosphere containing at least one gas selected from the 
group consisting of (1) a hydrogen halide, (2) a component prepared from a molecular halogen and steam and (3) a 
molecular halogen. 

10 When the complex metal oxide powder comprising at least two metal elements is produced by the method of the 
present invention, a mixture of at least two metal oxide powders and/or metal oxide precursor powders, or a metal oxide 
precursor powder comprising at least two metal elements is used as a raw material powder. 

The metal oxide precursor is intended to mean a material which gives the metal oxide consisting of at least one 
metal element and oxygen by a decomposition reaction or an oxidation reaction in calcination, and includes, for exam- 

15 pie, metal hydroxides, hydrated metal oxides, metal axyhydroxide, metal axyhalides, and so on. 

A seed crystal which may be used in the present invention is intended to mean a crystal which functions as a grow- 
ing site for the crystal growth of the metal oxide. Around the seed crystal, the metal oxide grows. Any seed crystal can 
be used insofar as it has this function. For example, the complex metal oxide or the metal oxide solid solution, as the 
product, is preferred. 

20 There is no limitation on a manner for adding the seed crystal to the raw material powder. For example, a mixing 
manner such as ball milling, ultrasonic dispersing, and the like can be used. 

The above at least two metal oxide powders and/or metal oxide precursor powder disclosed as the raw materials, 
the metal oxide precursor powder comprising at least two metal elements disclosed as the raw material, and those raw 
materials to which the seed crystal is added are generally named as the raw material metal oxide powder. 

25 The complex metal oxide powder comprising at least two metal elements according to the present invention is a 
complex metal oxide which comprises at least two metal elements except a combination of only alkali metals, and oxy- 
gen, or a metal oxide solid solution in which at least two compounds each comprising a metal element and oxygen are 
present in a solid solution state. An example of such complex metal oxide powder is a complex metal oxide having a 
garnet structure represented by the formula: 

30 

(Ma) 3 (Mb)2[(Mc)04]3 (I) 

wherein M A , M B and M c are the same or different and each represent at least one metal element, provided that all of 
M A , M B and M c are not the same metal element. 
35 in the formula (0, specifically, M A is at least one element selected from the group consisting of copper, magnesium, 
and rare earth elements (ag. scandium, yttrium and lanthanum), bismuth and manganese, and M B and Mc are the 
same or different and each at least one element selected from the group consisting of zinc, scandium, aluminum, gal- 
lium, indium, titanium, zirconium, silicon, germanium, tin, vanadium, chromium, manganese, iron, cobalt and nickel. 
In some cases, compounds do not have the garnet structure due to ionic radii of the metal elements M A , M B and 

40 Mc. 

More specifically, there are exemplified aluminum garnets such as a complex metal oxide of the above formula in 
which M A is, for example, yttrium, and M B and M c are both aluminum; yttrium-aluminum garnet of the above formula in 
which M A is yttrium a part of which is replaced by other rare earth elements), and Mb and Mq are both aluminum; dys- 
prosium-aluminum garnet of the above formula in which M A is dysprosium, and M B and M c are both aluminum; and the 
45 lika 

Further, there is exemplified iron garnet such as yttrium-iron garnet as a complex metal oxide of the above formula 
in which M A is yttrium, and Mb and Mq are both iron; gadolinium-iron or dysprosium-iron garnet as a complex metal 
oxide of the above formula in which M A is gadolinium or dysprosium and M B and Mc are both iron; eta 

In addition, a garnet of the above formula in which each M A , Mb and Mc consists of at least two metal elements 
so may be exemplified. 

In the method of the present invention, the raw material metal oxide powder is not limited, and the powder produced 
by the conventional method can be used. For example, the metal oxide powder or metal oxide precursor powder pro- 
duced by the liquid phase method, or the metal oxide powder produced by the gas phase method or the solid phase 
method may be used. 

55 in the present invention, the raw material metal oxide powder is calcined in the atmosphere gas containing at least 
1 vol. %, preferably at least 5 vol. %, more preferably at least 10 vol. % of the hydrogen halide based on the whole vol- 
ume of the atmosphere gas. 

As the hydrogen halide, hydrogen chloride, hydrogen bromide, hydrogen iodide and hydrogen fluoride are used 
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independently or as a mixture of two or more of them. Preferably, hydrogen chloride, hydrogen bromine and hydrogen 
iodide are used. 

As a component of the atmosphere gas other than the hydrogen halide, that is, a diluent gas, nitrogen, inert gas 
such as argon, hydrogen, steam or an air can be used. 
5 A pressure of the atmosphere gas containing the hydrogen halide is not limited, and selected from a pressure 
range which is industrially used. 

It is possible to carry out the calcination in the atmosphere gas containing a component prepared from the molec- 
ular halogen and steam, in place of the hydrogen halide. 

As the molecular halogen, at least one of molecular chlorine, bromine, iodine and fluorine is used. Preferably, chlo- 
10 rine, bromine and iodine are used. 

The component gas is prepared from at least 1 vol. %, preferably at least 5 vol. %, more preferably at least 10 vol. 
% of the molecular halogen and at least 0.1 vol. %, preferably at least 1 vol. %, more preferably at least 5 vol. % of the 
steam, both based on the whole volume of the atmosphere gas. 

In place of the hydrogen halide, the molecular halogen may be used. The raw material metal oxide powder is cal- 
ls cined in the atmosphere gas containing at least 1 vol. %, preferably at least 5 vol. %, more preferably at least 10 vol. % 
of the molecular halogen based on the whole volume of the atmosphere gas. As the molecular halogen, at least one of 
molecular chlorine, bromine and iodine can be used. 

As a component of the atmosphere gas other than the component prepared from the molecular halogen and 
steam, or the molecular halogen, that is, a diluent gas, nitrogen, inert gas such as argon, hydrogen, steam or an air can 
20 be used. 

A pressure in the reaction system ts not limited, and freely selected from a pressure range which is industrially 
used. 

A manner tor supplying the atmosphere gas is not critical insofar as the atmosphere gas can be supplied to the 
reaction system in which the raw material metal oxide powder is present 
25 A source of each component of the atmosphere gas and a manner for supplying each component are not critical 
either. 

For example, as the source of each component of the atmosphere gas, a gas in a bomb can be used. Alternatively, 
it is possible to prepare the atmosphere gas comprising the hydrogen halide or the molecular halogen using the evap- 
oration or decomposition of a halogen compound such as an ammonium halide, or a halogen-containing polymer such 
30 as a vinyl chloride polymer. The atmosphere gas may be prepared by calcining a mixture of the raw material metal oxide 
and the halogen compound or halogen-containing polymer in a calcination furnace. 

The hydrogen halide and the molecular halogen are preferably supplied from the bomb directly in the calcination 
furnace in view of the operabilrty. The atmosphere gas may be supplied in a continuous manner or a batch manner. 

According to the present invention, when the raw material metal oxide powder is calcined in the above atmosphere 
35 gas, the metal oxide grows at a site where the raw material metal oxide powder is present through the reaction between 
the raw material metal oxide powder and the atmosphere gas, so that the metal oxide powder having the narrow particle 
size distrfoution, but not agglomerated particles, is generated. Accordingly, the desired metal oxide powder can be 
obtained, for example, by simply filling the raw material metal oxide powder in a vessel and calcining it in the atmos- 
phere gas. 

40 As the raw material metal oxide powder to be used in the present invention, any material which is in a powder form 
may be used, and a bulk density of the powder is preferably at least 40% or less based on a theoretical density. When 
a molded material having the bulk density exceeding 40 % based on the theoretical density is calcined, a sintering reac- 
tion proceeds in the calcination step, whereby grinding is necessitated to obtain the complex metal oxide powder, and 
the metal oxide powder having the narrow particle size distribution may not be obtained in some cases. 

45 A suitable calcination temperature is not necessarily critical since it depends on the kind of the intended complex 
metal oxide, the Kinds and concentrations of the hydrogen halide, the molecular halogen and the component prepared 
from the molecular halogen and steam, or the calcination time. It is preferably from 500 to 1 500°C, more preferably from 
600 to 1400°C. When the calcination time is lower than 500°C, it may be difficult to obtain the intended complex metal 
oxide comprising at least two metal elements, and a long time is necessary for calcination. When the calcination tem- 

50 perature exceeds 1500°C, many agglomerated particles tend to be contained in the produced complex metal oxide 
powder. 

A suitable calcination time is not necessarily critical since it depends on the kind of the intended complex metal 
oxide, the kinds and concentrations of the hydrogen halide, the molecular halogen and the component prepared from 
the molecular halogen and steam, or the calcination temperature. It is preferably at least 1 minute, more preferably at 
55 least 10 minutes, and selected from a range in which the intended metal oxide powder is obtained. As the calcination 
temperature is higher, the calcination time is shorter. 

When the raw material metal oxide powder containing the seed crystal is calcined, the calcination temperature can 
be lower and the calcination time can be shorter than those when no seed crystal is used, since the metal oxide grows 
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around the seed crystals as the growing sites. 

The type of a calcination apparatus is not limited, and a so-called calcination furnace may be used. The calcination 
furnace is preferably made of a material which is not corroded by the hydrogen halide or the halogen, and preferably 
comprises a mechanism for adjusting the atmosphere. 

Since the acidic gas such as the hydrogen halide or the molecular halogen is used, the calcination furnace is pref- 
erably an airtight one. In the industrial production, preferably the calcination is carried out continuously, and a tunnel 
furnace, a rotary kiln, or a pusher furnace can be used. 

As a vessel used in the calcination step in which the raw material metal oxide powder is filled, preferably a crucible 
or a boat made of alumina, quartz, acid-resistant brick, graphite, or a noble metal such as platinum is used, since the 
reaction proceeds in the acidic atmosphere. 

When the complex metal oxide powder is produced with the addition of the seed crystal to the raw material powder, 
the particle size and the particle size distribution of the complex metal oxide powder as the product can be controlled 
by changing a particle size and an added amount of the seed crystal. For example, when the amount of the seed crystal 
is increased, the particle size of the produced complex metal oxide powder is decreased. When the seed crystal having 
a smaller particle size is used, the particle size of the produced complex metal oxide powder is decreased. 

By the above described method, as shown in the attached photographs, the complex metal oxide powder compris- 
ing at least two metal elements which is not agglomerated particles, and has the narrow particle size distnTxition and 
uniform particle size can be obtained, and the particle size can be controlled. 

Though the complex metal oxide powder may be agglomerated particles or contain agglomerated particles, a 
degree of agglomeration is small, and therefore the complex metal oxide powder which contains no agglomerated par- 
ticle is easily produced by simple grincing. 

Depending on the raw materials or the production conditions, a by-product or an unreacted raw material oxide may 
remain in addition to the intended complex metal oxide comprising at least two metal elements. In such case, its remain- 
ing amount is very small, and the intended complex metal oxide can be produced by the suitable selection of the reac- 
tion conditions, or separation of the by-product or the unreacted raw material by, for example, simple washing. 

A number average particle size of the complex metal oxide powder obtained by the method of the present invention 
is not necessarily limited. In general, it is possible to obtain the complex metal oxide powder having the particle size of 
0.1 to 500 iim, preferably 0.1 to 300 Jim 

The complex metal oxide powder obtained by the method of the present invention has, as the particle size distribu- 
tion, a D 90 /D 10 ratio of 10 or less, preferably 5 or less, where D 10 and Dgo are particle sizes at 10 % and 90 % accumu- 
lation, respectively from the smallest particle size side in a cumulative particle size curve of the particles. 

When a particle size distribution is measured by a centrifugal segmentation method or a laser diffraction scattering 
method, the obtained value is a particle size distribution of the agglomerated particles. When the particle size distribu- 
tion measured by such method is narrow but the powder contains the agglomerated particles, the drspersMrty is dete- 
riorated, and such powder is not suitable as an industrial raw material. In the present invention, as a criterion of 
agglomeration of the powder, a primary particle size is measured, as a number average value, from a scanning electron 
microscopic photograph, and the obtained value is compared with an agglomerated particle size, that is, a particle size 
at 50 % accumulation in a cumulative particle size curve of the particles (D^. 

That is, the degree of agglomeration is evaluated by a ratio of the agglomerated particle size to the primary particle 
size. When this ratio equals 1 (one), the powder is in the ideal state containing no agglomerated particle With the actual 
powder, this ratio exceeds 1 . When this ratio is 6 or less, the powder can be preferably used as the industrial raw mate- 
rial. 

The complex metal oxide powder obtained by the method of the present invention has the ratio of the agglomerated 
particle size to the primary particle size of. preferably from 1 to 6, more preferably from 1 to 3, most preferably from 1 
to 2. 

Each of the particles of the metal oxide powder of the present invention has a polyhedral form having at least 6 
planes. The number of the planes is usually from 6 to 60. preferably from 6 to 30. 

Concrete examples of the complex metal oxide powder of the present invention will be explained. 

The yttrium-aluminum garnet powder of the present invention is a mass of particles constituting the powder, and 
characterized in that their shape and particle size are uniform. The shape is a polyhedral shape having at least 6 
planes. Depending on the raw material to be used and the calcination conditions, the particles which are dose to cubes 
or particles have polyhedral shapes having at least 8 planes which are close to spheres and have the uniform shape 
and particle size. 

The particle size and particle size distribution of the yttrium-aluminum garnet powder of the present invention are 
in the specific ranges. The particle size is controlled in the range between about 1 urn and several hundred um This 
control can be achieved by the selection of the raw material and the calcination conditions of the above described 
method of the present invention. 

As the raw material powder for the production of single crystal, one having a larger particle size is suitable For this 
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purpose, yttrium-aluminum garnet comprising particles having a particle size of at least 20 jim, more preferably at least 
about 50 |im can be used. That is, the above described method can produce yttrium-aluminum garnet powder having 
a relatively large average particle size suitable for the production of single crystal, in an industrially advantageous proc- 
ess. 

5 According to the present invention, the yttrium-aluminum garnet powder having, as the particle size drstrfcution, the 
D90/D10 ratio of 10 or less, preferably 5 or less is readily produced. Further, the garnet powder having the ratio of the 
agglomerated particle size to the primary particle size of preferably 1 to 3, more preferably 1 to 2 is easily obtained. 

Accordingly, the yttrium-aluminum garnet powder of the present invention is suitable for a fluorescent substance 
properties of which are influenced by the particle size, uniformity and dSspersibil'rty of the raw material. 

10 The iron garnet powder such as yttrium-iron and gadolinium-iron garnet powder of the present invention is a mass 
of particles constituting the powder, and characterized in that their shape and particle size are uniform. 

The shape is a polyhedral shape having at least 8 planes. Its particle size and particle size distribution are in the 
specific ranges. The particle size is controlled in the range between about 1 |un and several hundred jim. This control 
can be achieved by the selection of the raw material and the calcination conditions of the above described method of 

is the present invention. 

According to the present invention, the iron garnet powder having, as the particle size distribution, the D 9O /D- l0 ratio 
of 10 or less, preferably 5 or less is readily produced. Further, the garnet powder having the ratio of the agglomerated 
particle size to the primary particle size of preferably 1 to 3, more preferably 1 to 2 is easily obtained. 

The solid solution powder of yttrium oxide and zirconium oxide is a mass of particles constituting the powder, and 
20 characterized in that their shape and particle size are uniform. The shape is a polyhedral shape having at least 8 
planes. Hs particle size and particle size distrfoution are in the specific ranges. The particle size is controlled in the 
range between about 0. 1 \im and several ten nm This control can be achieved by the selection of the raw material and 
the calcination conditions of the above described method of the present invention. 

According to the present invention, it is possible to obtain the various complex metal oxide powders each compris- 
es ing at least two metal elements, which are not agglomerated particles but have the narrow particle distribution that can- 
not be hitherto achieved. 

The obtained complex metal oxide powder comprising at least two metal elements is a mass of the uniform poly- 
hedral particles, and can be used in the variety of applications such as the raw materials of the metal oxide base ceram- 
ics which are used as the functional material or the structural material, as the f Bier, abrasive or pigment or the raw 
30 material powder for the production of a single crystal or for flame spray coating. By the selection of the particle size and 
amount of the seed crystal, the complex metal oxide having the above properties and the arbitrarily controlled particle 
size can be obtained. 

Ex amp les 

35 

Hereinafter, the present invention win be explained in detail by examples, which do not limit the scope of the present 
invention in any way. 

The measurements in the examples were carried out as follows: 

40 1. Number average particle size of metal oxide powder 

A scanning electron microscopic photograph of a metal oxide powder was taken using an electron microscope (T- 
300 manufactured by Nppon Electron Co., Ltd.). Rom the photograph, 80 to 100 particles were selected and image 
analyzed to calculate an average value of equivalent circle diameters of the particles and the distribution. The equiva- 
45 lent circle diameter is a diameter of a circle having the same area as that of each particle in the photograph. 

2. Particle size distribution of metal oxide powder 

The particle size distribution was measured using a master sizer (manufactured by Malvern Instrument, Inc.) or a 
50 laser diffraction type particle size distribution analyzer (SALD-1 1 00 manufactured by Shimadzu Corporation). 

The metal oxide powder was dispersed in an aqueous solution of polyamrnonium acrylate or a 50 wt % aqueous 
solution of glycerol, and particle sizes at 10 %, 50 % and 90 % accumulation, respectively from the smallest particle 
size side in a cumulative particle size curve of the particles were measured as the D 10 , D50 and D90- The D50 was used 
as the agglomerated particle size, and the Dgo/D 10 ratio was calculated as the criterion of the particle size distrftxition. 

55 

3. Crystal phase of metal oxide powder 

The crystal phase of the metal oxide powder was measured by the X-ray diffraction method (RAD-C manufactured 
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by Rigaku Co., Ltd.) 

4. BET specific surface area of metal oxide powder 

5 A BET specific surface area of a metal oxide powder was measured by FLOWSORB-II (manufactured by Micromel- 
Hfcs). 

5. Analysis of composition of metal oxide powder 

io The metal oxide powder is dissolved in, for example, a mixed acid of phosphoric acid/sulfuric acid, and a composi- 
tion of the metal oxide powder is analyzed using an inductively coupled plasma apparatus SPS 1200-VR manufactured 
by Seiko. 

As the hydrogen chloride gas, bomb hydrogen chloride (purity: 99.9 %) supplied by Tsurumi Soda Co., Ltd. or a 
decomposition gas of ammonium chloride (WAKO JUNYAKU, Special Grade Chemical) was used. When the decom- 

15 position gas of ammonium chloride was used, sublimation gas of ammonium chloride prepared by heating ammonium 
chloride at a temperature higher than its sublimation point was introduced in the furnace muffle to prepare the atmos- 
phere gas. Ammonium chloride was completely decomposed at 1 100°C to provide a gas consisting of 33 vol. % of 
hydrogen chloride gas, 1 7 vol. % of nitrogen gas and 50 vol. % of hydrogen gas. 

As the chloride gas, bomb chlorine gas (purity: 99.4 %) supplied by Fujimoto Industries, Co., Ltd.) was used. 

20 As the hydrogen bromide gas, a decomposition gas of ammonium bromide (WAKO JUNYAKU, Special Grade 
Chemical) was used. Sublimation gas of ammonium bromide prepared by heating ammonium bromide at a temperature 
higher than its sublimation point was introduced in the furnace muffle to prepare the atmosphere gas. Ammonium bro- 
mide was completely decomposed at 1 1 00°C to provide a gas consisting of 33 vol. % of hydrogen bromide gas, 1 7 vol. 
% of nitrogen gas and 50 vol. % of hydrogen gas. 

25 As the hydrogen iodide gas, a decomposition gas of ammonium iodide (WAKO JUNYAKU, Special Grade Chemi- 
cal) was used. Sublimation gas of ammonium iodide prepared by heating ammonium iodide at a temperature higher 
than its sublimation point was introduced in the furnace muffle to prepare the atmosphere gas. Ammonium iodide was 
completely decomposed at 1 1 00°C to provide a gas consisting of 25 vol. % of hydrogen iodide gas, 1 6 vol. % of nitrogen 
gas, 52 vol. % of hydrogen gas, and 6 vol. % of iodine (I, y which is formed by the decomposition of hydrogen iodide. 

30 The raw material metal oxide power was charged in an alumina or platinum vessel. When the halogen gas was 
used, the powder was charged in the alumina vessel. The depth of the filled powder was 5 mm 

The calcination was carried out in a cylindrical furnace having a quartz muffle or an alumina muffle (manufactured 
by Motoyama Co., Lid.). With flowing air or nitrogen gas, the temperature was raised at a heating rate of from 300°C/hr. 
to 500°C/hr., and when the temperature reached an atmosphere gas introduction temperature, the atmosphere gas was 

35 introduced. 

The concentration of the atmosphere gas was adjusted by controlling gas flow rates by flow meters. The flow rate 
of the atmosphere was adjusted to a linear velocity of 20 mm/rnin. The total pressure of the atmosphere was always 
101.3 kPa (1 atmosphere). 

After the temperature reached the predetermined temperature, the powder was maintained at that temperature for 
40 a predetermined period of time. They will be referred to as "maintaining temperature" (calcination temperature) and 
"maintaining time" (calcination time). 

After the predetermined maintaining time, the powder was spontaneously cooled to obtain the intended metal oxide 
powder. 

The partial pressure of steam was adjusted by the change of saturated steam pressure depending on water tern- 
45 perature, and the steam was introduced in the furnace with an air or the nitrogen gas. Further details are seen in the 
claims. 

Example 1 

so An yttrium oxide powder (Purity of 99.9 %, and a center particle size of 0.4 jim. Manufactured by Nippon Yttrium 
Co., Lid.) (3.387 g) and gamma aluminum oxide (AKP-G15 manufactured by Sumitomo Chemical Co., Ltd.) (2.683 g) 
were charged in isopropanol (WAKO JUNYAKU. Special Grade Chemical) (100 g) and stirred for 10 minutes with dis- 
persion by the application of ultrasonic wave, followed by removal of isopropanol by an evaporator and a vacuum dryer 
to obtain a mixed powder of yttrium oxide and aluminum oxide. TOs powder was filled in a platinum vessel. Its bulk den- 

55 sity was 12 % of the theoretical density. 

Then, the powder was placed in the quartz muffle, and heated from room temperature at a heating rate of 300°C/hr. 
while flowing the nitrogen gas at a linear velocity of 20 mm/rnin. When the temperature reached 400°C, the nitrogen gas 
was changed to an atmosphere gas of 1 00 vol. % hydrogen chloride. With flowing this atmosphere gas at a linear veloc- 
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ity of 20 mm/min., the powder was calcined at 1100°C for 60 minutes, followed by spontaneous cooling to obtain an 
yttrium-aluminum garnet powder. The weight of the powder in the platinum vessel after calcination was 86 % of that of 
the powder before calcination. 

The obtained powder was the yttrium-aluminum garnet represented by Y3AI5O12 according to the result of the X- 

5 ray diffraction analysis, and no other peak was observed. According to the observation by the scanning electron micro- 
scope, the yttrium-aluminum garnet oxide consisted of polyhedral particles having at least 8 planes, and had the 
number average particle size of 40 ^m. The agglomerated particle size (D50) according to the particle size distribution 
measurement was 52 jim, and the Dgo/D 10 ratio was 2, which indicated the narrow particle size distribution. The ratio 
of the agglomerated particle size to the number average particle size was 1.3. The results are shown in Table 1. An 

10 electron microscopic photograph of the obtained powder is shown in Fig. 1 , the particle size distribution is shown in Fig. 
2, and the X-ray diffraction pattern is shown in Fig. 3. 

Example 2 

is In the same manner as in Example 1 except that alpha aluminum oxide (AKP-50 manufactured by Sumitomo 
Chemical Co., Ltd.) (2.549 g) was used in place of the gamma aluminum oxide, a mixed powder of yttrium oxide and 
aluminum oxide was obtained. A bulk density of this powder was 1 7 % of the theoretical value. 

Thereafter, in the same manner as in Example 1, yttrium-aluminum garnet powder was obtained. 

The obtained powder was the yttrium-aluminum garnet represented by Y3Alg0 12 according to the result of the X- 

20 ray diffraction analysis, and no other peak was observed. According to the observation by the scanning electron micro- 
scope, the yttrium-aluminum garnet oxide consisted of polyhedral particles having a cubic shape or a cubic shape with 
corners which were truncated, and had the number average particle size of 38 nm. The agglomerated particle size 
(Dsq) according to the particle size distribution measurement was 47 jim, and the Dgo/D 10 ratio was 3, which indicated 
the narrow particle size distribution. The ratio of the agglomerated particle size to the number average particle size was 

25 1.2. The results are shown in Table 1. An electron microscopic photograph of the obtained powder is shewn in Fig. 4, 
the particle size distribution is shown in Fig. 5, and the X-ray diffraction pattern is shewn in Fig. 6. 

Example 3 

30 In the same manner as in Example 1 except that an atmosphere gas consisting of 30 vol. % of chlorine, 10 vol. % 
of steam and 60 vol. % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the 
yttrium-aluminum garnet powder was obtained. The results are shown in Table 1 . 

Ex amp le 4 

35 

In the same manner as in Example 1 except that an atmosphere gas of 1 00 vol. % of chlorine was used in place of 
the atmosphere gas of 100 vol. % hydrogen chloride, and the calcination temperature was changed to 1150°C, the 
yttrium-aluminum garnet powder was obtained. An electron microscopic photograph of the obtained powder is shown 
in Fig. 7. The results are shown in Table 1 . 

AO 

Example 5 

The mixed powder of yttrium oxide and aluminum oxide which was used as the raw material in Example 1 was cal- 
cined at 1200°C for 3 hours to obtain a seed crystal. According to the X-ray diffraction analysis, this seed crystal 
45 showed peaks assigned to YAIO3, Y4AI2O9, Y2Q3, AI2O3, etc. in addition to the peaks assigned to yttrium-aluminum 
garnet represented by Y^^O^. 

This seed crystal was added in an amount of 3 wt % to the mixed powder of yttrium oxide and aluminum oxide 
which was used as the raw material in Example 1 to obtain the raw material powder containing the seed crystal. The 
addition manner comprised dispersing the raw material powder and the seed crystal by ultrasonic wave in isopropanol 
so to prepare a slurry and drying the slurry with an evaporator and a vacuum drier. 

In the same manner as in Example 1 except that the above raw material powder containing the seed crystal was 
used, the yttrium-aluminum garnet powder was obtained. 

The obtained powder was the yttrium-aluminum garnet represented by Y 3 AI 5 0 12 according to the X-ray diffraction 
analysis, and no other peak was observed. The results are shown in Table 1. An electron microscopic photograph of 
55 the obtained powder is shown in Fig. 8. 
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Example 6 

The mixed powder of yttrium oxide and aluminum oxide which was used as the raw material in Example 1 was cal- 
cined at 1400°C for 3 hours to obtain a seed crystal. According to the X-ray diffraction analysis, this seed crystal 
5 showed peaks assigned to Y 2 03, AI2O3. etc. in addition to the peaks assigned to yttrium-aluminum garnet represented 
by YaAlsO^. 

In the same manner as in Example 5 except that the above seed crystal was used, the yttrium-aluminum garnet 
powder was obtained. The results are shown in Table 1 . An electron microscopic photograph of the obtained powder is 
shown in Fig. 9. 

10 

Example 1 

An yttrium oxide powder (Manufactured by Nippon Yttrium Co., Ltd. Purity of 99.9 %, and an average particle size 
of 0.4 jim) (3.387 g) and aluminum oxide (AKP-G15, gamma aluminum oxide manufactured by Sumitomo Chemical 
15 Co., Ltd. Purity of 99.99 %) (2.952 g) were charged in isopropanol (100 g) and wet mixed, followed by removal of iso- 
propanol to obtain a mixed powder of yttrium oxide and aluminum oxide (A ratio of Y:AI = 3:5.5). This powder was used 
as a raw material powder. 

This powder was charged in a platinum vessel, placed in the quartz muffle, and heated from room temperature at 
a heating rate of 300°C/hr. while flowing the nitrogen gas at a linear velocity of 20 mm/rnin. When the temperature 
20 reached 400°C, the nitrogen gas was changed to an atmosphere gas of 10 vol. % of hydrogen chloride and 90 vol. % 
of nitrogen. With this atmosphere gas flowing at a linear velocity of 20 mm/rnin.. the powder was calcined at 1 1 00°C for 
60 minutes, followed by spontaneous cooling to obtain an yttrium-aluminum garnet powder. The results are shown in 
Table 1. 

25 Example 8 

In the same manner as in Example 1 except that the same raw material mixed powder was calcined at 900°C, the 
yttrium-aluminum garnet powder was obtained. According to the X-ray diffraction analysis, H was confirmed that the 
obtained powder was a single phase of yttrium-aluminum garnet The results are shown in Table 1 . 

30 

Example 9 

The mixed powder of yttrium oxide and aluminum oxide as used in Example 2 was precaldned at 1200°C in an air 
for 3 hours. According to the X-ray diffraction analysis, the calcined powder showed peaks assigned to YAlCXj, Y4AI2O9, 
35 Y2O3, AI2O3. eta in addition to the peaks assigned to yttrium-aluminum garnet represented by Y3AI50, 2- 

The calcined powder contained partly formed yttrium-aluminum garnet, that is, a seed crystal of yttrium-aluminum 
garnet 

In the same manner as in Example 1 except that the above powder was used as the raw material powder, the 
yttrium-aluminum garnet powder was obtained. According to the X-ray diffraction analysis, the obtained powder was a 
40 single phase of the yttrium-aluminum garnet According to the observation by the scanning electron microscope, the 
yttrium-aluminum garnet oxide consisted of polyhedral particles having a cubic shape or a cubic shape corners of which 
were truncated. The results are shown in Table 1. 

Example 10 

45 

The raw material powder as used in Example 7 was filled in the alumina vessel, placed in the quartz muffle, and 
heated at a heating rate of 300°C/hr. When the temperature reached 400°C, a sublimation decomposition gas of ammo- 
nium bromide was introduced in the muffle, and in this decomposition gas atmosphere, the powder was calcined at 
1 100°C for 60 minutes, followed by spontaneous cooling to obtain the yttriurrhaluminum garnet powder. The compo- 
50 nents of the decomposed gas of ammonium bromide at 1 1 00°C were hydrogen bromide gas, nitrogen and hydrogen in 
a volume ratio of 33 : 17 :50. 

Fig. 8 is the electron microscopic photograph showing the particle structure of the obtained powder. Accorcfing to 
the X-ray diffraction analysis, it was confirmed that the powder was a single phase of yttrium-aluminum garnet The 
results are shown in Table 1. 

55 
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Example 11 

45 

An yttrium oxide powder (Manufactured by Nppon Yttrium Co., Ltd. Purity of 99.9 %, and an average particle size 
of 0.4 jim) (6.436 g), a terbium oxide powder (Manufactured by Kanto Chemical Co., Ltd. Purity of 99.95 %) (0.561 g) 
and an aluminum oxide powder (AKP-G15, gamma alumina manufactured by Sumitomo Chemical Co., lid. Purity 
99.99 %) (5.903 g) were charged in isopropanol (1 00 g) and wet mixed, followed by removal of tsopropanot to obtain a 
so mixed powder of a raw material mixed powder in which 5 atomic % of yttrium was replaced by terbium. 

In the same manner as in Example 1 except that this raw material mixed powder was used, a terbium-substituted 
yttrium-aluminum garnet powder was obtained. 

According to the X-ray diffraction analysis, it was confirmed that the obtained powder was a single phase of yttrium- 
aluminum garnet. According to the inductively coupled plasma analysis, it was confirmed that the produced particles 
55 contained 3.2 atomic % of terbium. The results are shown in Table 2. , 
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Example 12 

In the same manner as in Example 1 1 except that a dysprosium oxide powder (Manufactured by Nippon Yttrium 
Co., Ltd. Purity of 99.99 %) (0.5595 g) was used in place of the terbium oxide powder, the raw material mixed powder 
in which 5 atomic % of yttrium was replaced by dysprosium was prepared. 

In the same manner as in Example 1 except that the above raw material mixed powder was used, the dysprosium- 
replaced yttrium-aluminum garnet was obtained. 

Fig. 1 1 is the electron microscopic photograph showing the structure of the obtained powder. 

According to the X-ray diffraction analysis, it was confirmed that the obtained powder was a single phase of yttrium- 
aluminum garnet According to the inductively coupled plasma analysis, it was confirmed that the produced particles 
contained 4.5 atomic % of dysprosium. The results are shown in Table 2. 

Example 13 

An yttrium oxide powder (Manufactured by Nippon Yttrium Co., Ltd. Purity of 99.9 %, and an average particle size 
of 0.4 jim) (4.968 g) and an aluminum oxide powder ( AKP-G1 5, gamma alumina manufactured by Sumitomo Chemical 
Co., Ltd. Purity 99.99 %) (1 .181 g) were charged in isopropanol (100 g) and wet mixed, followed by removal of isopro- 
panol to obtain a mixed powder of a raw material mixed powder (Mixed ratio of Y:AI = 3:1 .5). In the same manner as in 
Example 1 except that this raw material mixed powder was used, the raw material powder was calcined. 

The obtained power comprised the polyhedral particles and a by-product. According to the X-ray diffraction analy- 
sis, it was confirmed that the polyhedral particles were yttrium-aluminum garnet, and the by-product was yttrium oxy- 
chloride (YOCJ). YOCI was easily removed by washing, and yttrium-alurrrinum garnet was selected. The results are 
shown in Table 2. 

Example 14 

An yttrium oxide powder (Manufactured by Nippon Yttrium Co., Ltd. Purity of 99.9 %, and an average particle size 
of 0.4 jun) (2.936 g) and an aluminum oxide powder (AKP-G15, gamma alumina manufactured by Sumitomo Chemical 
Co., Ltd. Purity 99.99 %) (3.256 g) were charged in isopropanol (100 g) and wet mixed, followed by removal of isopro- 
panol to obtain a mixed powder of yttrium oxide and aluminum oxide (Mixed ratio of Y:AI = 3:7) as a raw material pow- 
der. In the same manner as in Example 1 except that this raw material mixed powder was used, the raw material powder 
was calcined. 

The obtained power comprised the polyhedral particles and particles having relatively small particle sizes. Accord- 
ing to the X-ray diffraction analysis, it was confirmed that the polyhedral particles were yttrium-aluminum garnet and the 
small size particles were a-AI^. a-A^CX* was removed by sieving, and yttrium-aluminum garnet was selected. The 
results are shown in Table 2. 

Example 15 

The raw material powder as used in Example 1 was charged in the platinum vessel, placed in the quartz muffle, 
and heated at a heating rate of 300°C/hr. When the temperature reached 400°C, a sublimation decomposition gas of 
ammonium iodide was introduced in the muffle, and in this decomposition gas atmosphere, the powder was calcined at 
1200°C for 60 minutes, followed by spontaneous cooling to obtain the yttrium-aluminum garnet powder. The compo- 
nents of the decomposed gas of ammonium iodide at 1 200°C were hydrogen iodide gas, iocfine, nitrogen and hydrogen 
in a volume ratio of 25:6:16:52. 

According to the X-ray diffraction analysis, it was confirmed that the obtained powder was a single phase of yttrium- 
aluminum garnet The results are shown in Table 2. 

frxtparative Examples 1 and 2 

The mixed powder of yttrium oxide and aluminum oxide as used in each of Examples 1 and 2 was calcined in an 
air at 1 200°C for 3 hours to obtain the respective oxide powder. 

According to the X-ray diffraction analysis of the oxide powder, the oxide powder showed peaks assigned to YAIO3, 
Y 4 Al20g, Y2O3, AI2Q3, etc. in adrJtion to the peaks assigned to yttrium-aluminum garnet represented by Y 3 AI$0 12 . 
According to the observation by the scanning electron microscope, no polyhedral particle was formed, and the particles 
had irregular shapes and were in the agglomerated state. 

The powder of Comparative Example 1 had the number average particle size of 0.2 um. The agglomerated particle 
siza (D50) according to the particle size distrbution measurement was 4 um, and the O 90 fD^ 0 ratio was 15, which indi- 
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cated the broad particle size distribution. A ratio of the agglomerated particle size to the number average particle size 
was 20. 

The results are shown in Table 2. The scanning electron microscopic photograph of the powder obtained in Com- 
parative Example 1 is shown in Fig. 12. The particle size distribution of the powder obtained in Comparative Example 
5 2 is shown in Fig. 13. 

Comparative Example 3 

The raw material mixed powder as used in Example 1 was calcined in the air at 1400°C. According to the X-ray drf- 
w fraction analysis, the obtained powder comprised yttriunvaluminum garnet as the main phase, but YAIO3, (X-AI2O3, and 
Y2O3 were observed. The crystal growth was not clear, the particles had irregular shapes and were in the agglomerated 
state, and no yttrium-aluminum garnet having a uniform particle size was formed. The results are shown in Table 2. 

Corryarative Example 4 

15 

In the same manner as in Example 6 except that an atmosphere gas of 100 vol. % air was supplied from the room 
temperature in place of the atmosphere gas of 100 vol. % hydrogen chloride, the raw material powder was calcined to 
obtain the oxide powder. 

According to the X-ray diffraction analysis, the obtained powder showed peaks assigned to YAIO3, Y4AI2O9, Y2O3, 
20 AI2O3, etc. in addition to the peaks assigned to yttrium-aluminum garnet represented by Y 3 AI 5 0 12 - According to the 
observation by the scanning electron microscope, no polyhedral particle was formed, and the particles had irregular 
shapes and were in the agglomerated state. The results are shown in Table 2. 
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Example 1g 

A dysprosium oxide powder (Purity of 99.99 %. Manufactured by Nippon Yttrium Co., Ltd.) and gamma aluminum 
oxide (AKP-G15 manufactured by Sumitomo Chemical Co., Ltd.) were weighed so that a molar ratio of dysprosium to 
aluminum was 3:5. and mixed in isopropanol (WAKO JUNYAKU. Special Grade Chemical) with dispersing the powders 
by the application of ultrasound, followed by removal of isopropanol by an evaporator and a vacuum dryer to obtain a 
mixed powder of dysprosium oxide and aluminum oxide. This powder was charged in a platinum vessel. 

Then, the powder was placed in the quartz muffle, and heated from room temperature at a heating rate of 300°C/hr. 
while flowing the nitrogen gas at a linear velocity of 20 mrrvmin. When the temperature reached 400°C, the nitrogen gas 
was changed to an atmosphere gas of 100 vol. % hydrogen chloride. With flowing this atmosphere gas at a linear veloc- 
ity of 20 mnVmin., the powder was calcined at 1200°C for 60 minutes, followed by spontaneous cooling to obtain an 
oxide powder. 

The obtained powder was the dysprosium-aluminum garnet represented by Dy 3 AI 5 0 12 according to the X-ray dif- 
fraction analysis, and no other peak was observed. According to the observation by the scanning electron microscope, 
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the dysprosium-aluminum garnet oxide consisted of polyhedral particles having at least 8 planes, and had the number 
average particle size of 44 pm The agglomerated particle size (Dso) according to the particle size distribution meas- 
urement was 53 jim, and the D^fD^ ratio was 3, which indicated the narrow particle size distribution. The ratio of the 
agglomerated particle size to the number average particle size was 1 .2. The results are shown in Table 3. An electron 
5 microscopic photograph of the obtained powder is shown in Fig. 14. 

Comparative Example 5 

The mixed powder of dysprosium oxide and aluminum oxide as prepared in Example 16 was calcined in an air at 
w 1200°C for 3 hours to obtain an oxide powder. 

According to the X-ray diffraction analysis of the obtained oxide powder, peaks assigned to AI 2 Dy 4 0 9 , AIDy0 3l 
Dy 2 03, AfeOfc, etc. were observed, but no peak to be assigned to the dysprosium-aluminum garnet represented by 
Dy 3 Al50 12 was observed. According to the observation by the scanning electron microscope, no polyhedral particle 
was formed, and the particles had irregular shapes and were in the agglomerated state. The results are shown in Table 
15 3. The electron rrticrophotograph of the obtained powder is shown in Fig. 15. 

Hereinafter, Examples and Comparative Examples for yttrium-iron garnet, gadolinium-iron garnet, and dysprosium- 
iron garnet will be explained. 

Example 17 

20 

Gamma iron (III) oxide (A BET specific surface area of 34.4 rr^/g) was charged in an alumina crucible and heated 
in an air at a heating rate of 300°C/hr. and at 1000°C for 3 hours to obtain an iron oxide powder. This powder had the 
BET specific surface area of 0.8 rrf/g. 

The above iron oxide and an yttrium oxide powder (Purity of 99.9 %. A center particle size of 0.4 urn. Manufactured 

25 by Nippon Yttrium Co., Ltd.) were weighed so that the molar ratio of yttrium to iron was 3 : 5, and mixed in isopropanol 
(WAKO JUNYAKU. Special Grade Chemical) with dispersion of the powders by the application of ultrasound, followed 
by removal of isopropanol by an evaporator and a vacuum dryer to obtain a mixed powder of yttrium oxide and iron 
oxide. This powder was filled in a platinum vessel. 

Then, the powder was placed in the quartz muffle, and heated from room temperature at a heating rate of 300°C/hr. 

30 while passing the nitrogen gas at a linear velocity of 20 mm/mi n. When the temperature reached 600°C, the nitrogen 
gas was changed to an atmosphere gas consisting of 1 0 vol. % of hydrogen chloride and 90 vol. % of nitrogen gas. With 
this atmosphere gas flowing at a linear velocity of 20 mm/min., the powder was calcined at 1000°C for 60 minutes, fol- 
lowed by spontaneous cooling to obtain an oxide powder. 

The obtained powder was the yttrium-iron garnet represented by Y 3 Fe^) 12 according to the X-ray diffraction anal- 

35 ysis, and no other peak was observed. According to the observation by the scanning electron microscope, the yttrium- 
iron garnet powder consisted of polyhedral particles having at least 8 planes, and had the number average particle size 
of 1 3 Rm. The agglomerated particle size (D50) according to the particle size distribution measurement was 1 6 Jim, and 
the D9o/D 10 ratio was 2, which indicated the narrow particle size dfetrfoution. The ratio of the agglomerated particle size 
to the number average particle size was 1 .2. The results are shown in Table 3. An electron microscopic photograph of 

40 the obtained powder is shown in Fig. 16. 

Comparative Example 6 

The mixed powder of yttrium oxide and iron oxide as prepared in Example 17 was calcined in an air at 1 100°C for 
45 one hour to obtain an oxide powder. 

According to the X-ray diffraction analysis of the obtained oxide powder, peaks assigned to Y2O3 and FegQj were 
mainly observed, and only small peaks assigned to YFe03 and Y 3 Fe50 12 were observed. According to the observation 
by the scanning electron microscope, no polyhedral particle was formed, and the particles had irregular shapes and 
were in the agglomerated state. The results are shown in Table 3. The electron nrricrophotograph of the obtained powder 
50 is shown in Fig. 17. 

Example 18 

Gamma iron (III) oxide (A BET specific surface area of 34.4 mfrg) was charged in an alumina crucible and heated 
55 in an air at a heating rate of 300°C/hr. and at 1 000°C for 3 hours to obtain an iron oxide powder. 

The above iron oxide and a gadofinium oxide powder (Purity of 99.99 %. Manufactured by Nippon Yttrium Co., Ltd.) 
were weighed so that the molar ratio of gadolinium to iron was 3 : 6, and mixed in isopropanol (WAKO JUNYAKU. Spe- 
cial Grade Chemical) with dispersion of the powders by the application of ultrasound, followed by removal of isopropa- 
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nol by an evaporator and a vacuum dryer to obtain a mixed powder of gadolinium oxide and iron oxide. 

Then, this mixed powder was used as the raw material powder and calcined in the same manner as in Example 17 
to obtain an oxide powder. 

The obtained powder was the gadolinium-iron garnet represented by Qc^Fe^^ according to the X-ray diffraction 
s analysis, and no other peak was observed. According to the observation by the scanning electron microscope, the 
gadolinium-iron garnet oxide consisted of polyhedral particles having at least 8 planes. The results are shown in Table 
3. An electron microscopic photograph of the obtained powder is shown in Fig. 18. 

Comparative Example 7 

10 

The mixed powder of gadolinium oxide and iron oxide as prepared in Example 18 was calcined in an air at 1200°C 
for 3 hours to obtain an oxide powder. 

According to the X-ray diffraction analysis of the obtained oxide powder, peaks assigned to GdFeOj, Gd 2 03 and 
Fe20 3 were observed, but no peak to be assigned to Gc^F^O^ was observed. According to the observation by the 
15 scanning electron microscope, no polyhedral particle was formed, and the particles had irregular shapes and were in 
the agglomerated state. The results are shown in Table 3. The electron microphotograph of the obtained powder is 
shown in Fig. 19. 

Example 19 

20 

In the same manner as in Example 18 except that a dysprosium oxide powder (Purity of 99.99 %. Manufactured by 
Nippon Yttrium Co., Ltd.) was used in place of the gadolinium oxide powder, the raw material powder was prepared and 
calcined to obtain an oxide powder. 

The obtained powder was the dysprosium-Iron garnet represented by Dy 3 F^0 12 according to of the X-ray diffrac- 
ts tion analysis, and no other peak was observed. According to the observation by the scanning electron microscope, the 
dysprosium-iron garnet oxide consisted of polyhedral particles having at least 8 planes. The results are shown in Table 
3. 

CpmpargtivQ Exqmple Q 

30 

The mixed powder of dysprosium oxide and iron oxide as prepared in Example 19 was calcined in an air at 1200°C 
for 3 hours to obtain an oxide powder. 

According to the X-ray diffraction analysis of the obtained oxide powder, peaks assigned to DyFe0 3 . Dy 2 0 3 and 
FegQs were observed, but no peak to be assigned to Dy 3 Fe 5 0 12 was observed. According to the observation by the 
35 scanning electron microscope, no polyhedral particle was formed, and the particles had irregular shapes and were in 
the agglomerated state. The results are shown in Table 3. 

An Example and a Comparative Example for a solid solution powder of yttrium oxide and zirconium oxide will be 
explained. 

40 Example 2Q 

Zirconium oxychtoride octahydrate (WAKO JUNYAKU. Special Grade Chemical) (39.2 g) and an aqueous solution 
of yttrium nitrate (100 g/l in terms of yttrium oxide. Purity of 99.9 %. Manufactured by Nippon Yttrium Co., Ltd.) (28.26 
g) were dissolved in pure water (400 g) to obtain an aqueous solution of the yttrium salt and the zirconium salt To an 

45 aqueous ammonia (25 wt. %. WAKO JUNYAKU. Special Grade Chemical) (500 ml) in a 2 liter beaker, the above aque- 
ous solution of the yttrium salt and the zirconium salt was added over 2 hours while stirring to neutralize the salts and 
coprectprtate them. The precipitate was tittered through a fitter paper and washed with pure water, followed by drying in 
vacuo at 100°C to obtain a precursor of a solid solution of yttrium oxide and zirconium oxide. When the precursor was 
calcined, an oxide solid solution consisting of 92 mol % of zirconium oxide and 8 mol % of yttrium oxide was formed. 

so This precursor powder was charged in a platinum vessel. The bulk density of this powder was 1 5 % of the theoret- 
ical value. 

Then, the powder was placed in the quartz muffle, and heated from room temperature at a heating rate of 300°C/hr. 
while passing air at a linear velocity of 20 mm/rrtin. When the temperature reached 400°C, the nitrogen gas was 
changed to an atmosphere gas of 100 vol. % hydrogen chloride. With flowing this atmosphere gas at a linear velocity 
55 of 20 mm/min., the powder was calcined at 1200°C for 60 minutes, followed by spontaneous cooling to obtain a solid 
solution powder of yttrium oxide and zirconium oxide. 

According to the observation by the scanning electron microscope, the solid solution powder of yttrium oxide and 
zirconium oxide consisted of polyhedral particles having at least 8 planes. The results are shown in Table 3. An electron 
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microscopic photograph of the obtained powder is shown in Fig. 20. 
Comparative Example 9 

5 The precursor powder of solid solution of yttrium oxide and zirconium oxide as prepared in Example 20 was cal- 
cined in an air at 1200°C for one hour to obtain a solid solution powder of yttrium oxide and zirconium oxide. 

According to the observation by the scanning electron microscope, no polyhedral particle was formed, and the par- 
ticles had irregular shapes and were in the agglomerated state. The results are shown in Table 3. The electron micro- 
photograph of the obtained powder is shown in Fig. 21 . 
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45 Claims 

1. A complex metal oxide powder comprising at least two metal elements, which comprises polyhedral particles each 
having at least 6 planes, a number average particle size of from 0.1 to 500 jim, and a Dgo/D^ ratio of 10 or less 
where D 10 and Dgo are particle sizes at 10 % and 90 % accumulation, respectively from the smallest particle size 

so side in a cumulative particle size curve of the particles. 

2. The complex metal oxide power according to claim 1 , wherein said number average particle size is from 0. 1 to 300 
jim, and said D&fl) A0 ratio is 5 or less. 

55 3. The complex metal oxide power according to claim 2, wherein a ratio of an agglomerated particle size to a primary 
particle size is from 1 to 6. 

4. The complex metal oxide power according to claim 3, wherein a ratio of an agglomerated particle size to a primary 
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5. Hie complex metal oxide power according to claim 3, wherein said number average particle size is from 20 to 300 
jim. 

6. The complex metal oxide power according to any one of claims 1 to 5, wherein said at least two metals are a com- 
bination of metals excluding a combination of alkali metals only. 

7. The complex metal oxide power according to any one of claims 1 to 5. which is a solid solution powder of metal 
oxides. 

8. The complex metal oxide power according to claim 6, which is a complex metal oxide powder having a garnet struc- 
ture represented by the formula: 

<MjJsMM(McX>* (I) 

wherein M A , M B and Mq are the same or different and each represent at least one metal element, provided that all 
of M A , M B and Mq are not the same metal element 

9. The complex metal oxide powder according to claim 8, wherein M A is at least one element selected from the group 
consisting of copper, magnesium, calcium, rare earth elements, bismuth and manganese, and M B and Mc are the 
same or different and each at least one element selected from the group consisting of zinc, scandium, aluminum, 
gallium, indium, titanium, zirconium, silicon, germanium, tin, vanadium, chromium, manganese, iron, cobalt and 
nickel. 

10. The complex metal oxide powder according to claim 9, wherein M A rs a rare earth element, and M B and M c are 
both aluminum. 

1 1 . The complex metal oxide powder according to claim 9, wherein M A is dysprosium, and M B and Mc are both alumi- 
num. 

12. The complex metal oxide powder accorcfing to claim 9, wherein M A rs a rare earth element, and M B and M c are 
both iron. 

13. The complex metal oxide powder according to claim 12, wherein M A is yttrium. 

14. The complex metal oxide powder accortfing to claim 12, wherein M A is gadolinium. 

15. The complex metal oxide powder according to claim 12. wherein M A is dysprosium. 

16. The complex metal oxide powder according to claim 7, wherein said solid solution is a solid solution of zirconium 
oxide and yttrium oxide. 

17. An yttriunrhaluminum garnet powder comprising polyhedral particles each having at least 6 planes, and having an 
average particle size of 20 to 500 ym. 

18. The yttrium-aluminum garnet powder according to claim 1 7, which has a particle size distribution represented by a 
Dgo/D-,0 ratio of 10 or less where D 10 and D90 are particle sizes at 10 % and 90 % accumulation, respectively from 
the smallest particle size side in a cumulative particle size curve of particles constituting said yttrium-aluminum gar- 
net powder. 

19. The yttrium-aluminum garnet powder according to claim 17 or 18, wherein a part of yttrium elements are replaced 
by at least one metal selected from rare earth elements, chromium, cobalt and nickel. 

20. An yttrium-aluminum garnet powder comprising polyhedral particles each having at least 6 planes, which is pre- 
pared by calcining yttrium oxide and/or a yttrium oxide precursor which generates yttrium oxide by heating, and alu- 
minum oxide and/or an aluminum oxide precursor which generates aluminum oxide by heating, in an atmosphere 
containing at least one gas selected from the group consisting of. 



22 



EP0 666 239B1 



(1) a hydrogen halide, 

(2) a component prepared from a molecular halogen and steam and 

(3) a molecular halogen. 

5 21 . The yttrium-aluminum garnet powder according to claim 20, wherein a part of yttrium elements are replaced by at 
least one metal selected from rare earth elements, chromium, cobalt and nickel. 

22. The yttrium-aluminum garnet powder according to claim 20, wherein said atmosphere gas contains at least 1 vol. 
% of said hydrogen halide, or at least 1 vol. % of said molecular halogen, or said component gas prepared from at 

10 least 1 vol. % of said molecular halogen and at least 0.1 % of steam. 

23. The yttrium-aluminum garnet powder according to claim 20, wherein said hydrogen halide (1) is hydrogen chloride 
or hydrogen bromide, and said molecular halogen in (2) or (3) is chlorine or bromine. 

75 24. A method for producing a complex metal oxide powder comprising at least two metal elements, which method com- 
prises calcining a mixture of at least two metal oxide powders and/or metal oxide precursor powders, or a metal 
oxide precursor powder comprising at least two metal elements in an atmosphere containing at least one gas 
selected from the group consisting of: 

20 (1) a hydrogen halide, 

(2) a component prepared from a molecular halogen and steam and 

(3) a molecular halogen. 

25. The method according to claim 24, wherein a gas contained in said atmosphere gas is a hydrogen halide. 

25 

26. The method according to claim 25. wherein said hydrogen halide is hydrogen chloride, hydrogen bromide or hydro- 
gen iodide. 

27. The method according to claim 25, wherein a concentration of said hydrogen halide in said atmosphere gas is at 
30 least 1 vol. %. 

28. The method according to claim 24, wherein a gas contained in said atmosphere gas is said component prepared 
from a molecular halogen and steam. 

35 29. The method according to claim 28. wherein said molecular halogen is chlorine, bromine or iodine 

30. The method according to claim 28. wherein said component prepared from a molecular halogen and steam is a 
component prepared from at least 1 vol. % of said molecular halogen and at least 0.1 vol. % cf steam, both based 
on said atmosphere gas. 

40 

31 . The method according to claim 24, wherein a gas contained in said atmosphere gas is a molecular halogen, said 
molecular halogen is chlorine, bromine or iodine, and a concentration of said molecular halogen in said atmosphere 
gas is at least 1 vol. %. 

45 32. The method according to claim 24, wherein a bulk density of said mixture of at least two metal oxide powders 
and/or metal oxide precursor powders, or said metal oxide precursor powder comprising at least two metal ele- 
ments is 40 % or less of a theoretical density. 

33. The method according to clam 24, wherein said complex metal oxide powder is obtained at a site where said mix- 
so ture of at least two metal oxide powders and/or metal oxide precursor powders, or said metal oxide precursor pow- 
der comprising at least two metal elements is present 

34. The method according to claim 24, wherein said at least two metals are a combination of metals excluding a com- 
bination of alkali metals only. 

ss 

35. The method according to claim 24, wherein said complex metal oxide powder is a solid solution powder of metal 
oxides. 
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36. The method according to claim 34, wherein said complex metal oxide is a complex metal oxide powder having a 
garnet structure represented by the formula: 

(MAfefMeJaKMcJO^ (I) 

wherein M Ai M B and Mq are the same or different and each represent at least one metal element, provided that all 
of M A , M B and Mq are not the same metal element 

37. The method according to claim 36, wherein M A is at least one element selected from the group consisting of cop- 
per, magnesium, calcium, rare earth elements, bismuth and manganese, and M B and Mq are the same or different 
and each at least one element selected from the group consisting of zinc, scandium, aluminum, gallium, indium, 
titanium, zirconium, silicon, germanium, tin, vanadium, chromium, manganese, iron, cobalt and nickel. 

38. The method according to claim 37, wherein M A is yttrium, and M B and Mc are both aluminum. 

39. The method according to claim 37, wherein M A is yttrium a part of which is replaced by other rare earth element, 
and M B and Mc are both aluminum. 

40. The method according to claim 39, wherein said other rare earth element is terbium or dysprosium. 

41 . The method according to claim 37. wherein M A is dysprosium, and M B and Mc are both aluminum. 

42. The method according to claim 37, wherein M A is a rare earth element and M B and Mc are both iron. 

43. The method according to claim 42, wherein said rare earth element is yttrium, gadolinium or dysprosium. 

44. The method according to claim 35, wherein said solid solution is a solid solution of zirconium oxide and yttrium 
corida 

45. The method according to any one of claims 24 to 44, wherein said calcination is carried out in the presence of a 
seed crystal. 

46. The method according to claim 45. wherein a bulk density of said seed crystal is 40 % or less of a theoretical den- 
sity. 

Patentanspruche 

1 . Pulver eines komplexen Metalloxids, umfassend wenigstens 2 metallische Elemente, das polyedrische Teilchen mit 
jeweils wenigstens 6 Rflchen, ein Zahlenmittel der TeilchengrOBe von 0,1 bis 500 |im und ein Dgo/D 10 -Verhaitnis 
von 10 Oder weniger umfaBt, wobei D 10 bzw. Dqq die TeBchengrOBen bei 10% bzw. 90% Akkumulation von der 
Seite der Weinsten TeilchengrOBe her in einer kumulativen TeBchengrOBenkurve der Teilchen sind. 

2. Pulver eines komplexen Metalloxids nach Anspruch 1 , wobei das Zahlenmittel der TeilchengrOBe 0,1 bis 300 jim 
betrflgt und das Dgo/D^-Verhflrtnis 5 Oder weniger ist. 

3- Pulver eines komplexen Metalloxids nach Anspruch 2, wobei das Verhartnis von agglomerierter TeilchengrOBe zu 
primarer TeBchengrOBe 1 bis 6 ist 

4. Pulver eines komplexen Metalloxids nach Anspruch 3, wobei das Verhartnis von agglomerierter TeilchengrOBe zu 
primarer TeilchengrOBe 1 bis 3 ist. 

5. Pulver eines komplexen Metalloxids nach Anspruch 3. wobei das Zahlenmittel der TeflchengroBe 20 bis 300 jim 
betrflgt. 

6. Pulver eines komplexen Metalloxids nach einem der AnsprOche 1 bis 5, wobei die wenigstens 2 Metaile eine Kbm- 
bination von M eta II en sind, bet der cfie Kombination von lecfigfich Alkalimetallen ausgeschlossen ist. 

7. Pulver eines komplexen Metalloxids nach einem der AnsprOche 1 bis 5, das ein Pulver einer festen LOsung von 
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MetaJloxiden ist 

8. Pulver eines komplexen Metalloxids nach Anspruch 6, das ein Pulver eines komplexen Metalloxids mit Granatstruk- 
tur der Formel: 

5 

(Ma)3(Mb)2[(Mc)0413 (I) 

1st, in der M A , M B und Mq gleich Oder verschieden sind und jeweils fur ein metallisches Element stehen, mit der 
MaBgabe, da8 nicht alle M A> M B und Mc das selbe metallische Element sind. 

10 

9. Pulver eines komplexen Metalloxids nach Anspruch 8. wobei M A wenigstens ein Element der Gruppe Kupfer, 
Magnesium, Calcium, Seltenerdelemente, Bismut und Mangan ist, und M B und M c gleich oder verschieden sind 
und jeweils wenigstens ein Element aus der Gruppe Zink, Scandium, Aluminium, Gallium, Indium, Titan, Zirkon, 
Silizium, Germanium, Zinn, Vanadium, Chrom, Mangan, Eisen, Kobalt und Nickel sind. 

15 

1 0. Pulver eines komplexen Metalloxids nach Anspruch 9, wobei M A ein Seltenerdelement ist und M B und Mc beide for 
Aluminium stehen. 

11. Pulver eines komplexen Metalloxids nach Anspruch 9, wobei M A fOr Dysprosium steht und M B und Mc beide fQr 
20 Aluminium stehen. 

12. Pulver eines komplexen Metalloxids nach Anspruch 9, wobei M A ein Seltenerdelement ist und M B und Mc beide fOr 
Eisen stehen. 

25 13. Pulver eines komplexen Metalloxids nach Anspruch 12, wobei M A fflr Yttrium stent 

14. Pulver eines komplexen Metalloxids nach Anspruch 12, wobei M A fur Gadolinium stent 

15. Pulver eines komplexen Metalloxids nach Anspruch 12, wobei M A fOr Dysprosium steht. 

30 

16. Pulver eines komplexen MetaHaxids nach Anspruch 7, wobei die teste Losung eine teste LOsung von Zirkonoxid 
und Yttriumoxid ist 

17. YttriurivAluminiurrhGranatpurver, umfassend polyedrische TeOchen mit jeweils wenigstens 6 Rachen und einer 
35 mittleren TeilchengrOBe von 20 bis 500 Jim. 

18. YttriunvAluminairi><3ranatpur^ nach Anspruch 17. das eine TeilchengrOBenverteilung aufweist, die durch ein 
Dgo/D^-Verhaitnis von 10 Oder weniger wiedergegeben wird, wobei D 10 bzw. Dgo die TeflchengrOBen bei 10% bzw. 
90% Akkumulation von der Seite der kJeinsten TeilchengrOBe her in einer kumulatrven TeilchengrOBenkurve der 

40 Teilchen sind, aus denen das Yttriunrv Aluminium -Granatpufver besteht 

19. Yttrium- AlumniurrvOranatpUver nach Anspruch 17 Oder 18, wobei ein Tea der Yttriumelemerrte durch wenigstens 
ein MetaO, gewahlt aus Seftenerdelementen, Chrom, Kobalt und Nickel, ersetzt ist 

45 20. Yttriurn-Aluminium^ranatpulver, umfassend polyedrische Teilchen mit jeweils wenigstens 6 Rachen, das herge- 
steflt wird, indem Yttriumoxid und/oder eine Yttriurnoxidvorstufe, die beim Erhfeen Yttriumoxid erzeugt, und Ahjmi- 
niumoxid uncVoder eine AlurrtniurrwxWvorstuf e> die beim Erhitzen Aluminiumoxid erzeugt. in einer Atmosphere, die 
wenigstens ein Gas. gew&hH aus der Gruppe 

so (1) Halogenwasserstofff 

(2) Bestandteil. hergesteltt aus molekularem Halogen und Wasserdampf, und 

(3) molekularem Halogen, 
errthalt, gebranrrt wird. 

55 21. YttriurrhAluminiunfvGranatpUver nach Anspruch 20, wobei ein Teil der Yttriumelemerrte durch wenigstens ein 
Metall, gewdhlt aus Seftenerdelementen, Chrom, Kobalt und Nickel, ersetzt ist. 

22. Yttrium-Aluminium-Granatpurver nach Anspruch 20, wobei das Atmospharengas wenigstens 1 Vol.% Halogenwas- 
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serstoff Oder wenigstens 1 Vol.% molekulares Halogen Oder den Gasbestandteil, hergestelrt aus wenigstens 1 
Vol.% molekularem Halogen und wenigstens 0,1 Vol.% Wasserdampf, enthalt 

23. YttriurrhAluminiunvGranatpulver nach Anspruch 20, wobei der Halogenwasserstoff (1) Chlorwasserstoff oder 
Bromwasserstoff ist, und das molekulare Halogen in (2) oder (3) Chlor oder Brom ist 

24. Verfahren zur Herstellung eines Pulvers eines komplexen Metalloxids, umfassend wenigstens 2 metallische Ele- 
mente, wobei das Verfahren umfaBt: Brennen eines Gemischs aus wenigstens 2 MetallcockJpurvern und/oder 
Metalloxidvorstufenpulvern oder eines Metalloxidvorstufenpurvers, umfassend wenigstens 2 metallische Elemente. 
in einer Atmosphare, die wenigstens ein Gas, gewahft aus der Gruppe 

(1) Halogenwasserstoff 

(2) Bestandteil, hergestellt aus molekularem Halogen und Wasserdampf. und 

(3) molekularem Halogen, 
enthait 

25. Verfahren nach Anspruch 24, wobei das im Atmospharengas enthaltene Gas ein Halogenwasserstoff ist 

26. Verfahren nach Anspruch 25, wobei der Halogenwasserstoff Chlorwasserstoff, Bromwasserstoff oder lodwasser- 
stoff ist. 

27. Verfahren nach Anspruch 25, wobei die Konzentration des Halogenwasserstoffs im Atmospharengas wenigstens 1 
Vol.% betrdgt 

28. Verfahren nach Anspruch 24, wobei das im Atmospharengas enthaltene Gas ein aus molekularem Halogen und 
Wasserdampf hergestelrter Bestandteil ist. 

29. Verfahren nach Anspruch 28, wobei das molekulare Halogen Chlor, Brom oder lod ist. 

30. Verfahren nach Anspruch 28, wobei der aus molekularem Halogen und Wasserdampf hergestellte Bestandteil ein 
aus wenigstens 1 Vol.% molekularem Halogen und wenigstens 0,1 Vol.% Wasserdampf hergestellter Bestandteil 
ist, jeweils bezogen auf das Atmospharengas. 

31 . Verfahren nach Anspruch 24. wobei das im Atmospharengas enthaltene Gas molekulares Halogen ist, das mole- 
kulare Halogen Chlor. Brom oder tod ist. und die Konzentration des molekularen Halogens im Atmospharengas 
wenigstens 1 Vol.% betragt. 

32. Verfahren nach Anspruch 24, wobei die Schuttdichte des Gemischs aus wenigstens 2 Metalloxidpulvern und/oder 
Metalloxidvorstufenpulvern oder des Metalloxidvorstufenpulvers. umfassend wenigstens 2 metallische Elemente. 
40% oder weniger der theorettschen Dichte betragt 

33. Verfahren nach Anspruch 24, wobei das Purver eines komplexen Metalloxkte an einer Stelle erhalten wird. wo das 
Gemisch aus wenigstens 2 Metalloxidpulvern und/oder Metalloxidvorstufenpulvern oder das Metallcoddvorstufen- 
pufver, umfassend wenigstens 2 metallische Elemente, vorliegt 

34. Verfahren nach Anspruch 24. wobei die wenigstens 2 Metalle erne Kornbination von Metallen and. bei der die Kbm- 
bination von lediglich AlkalimetaDen ausgeschlossen ist 

35. Verfahren nach Anspruch 24, wobei das Purver eines komplexen Metalloxkte ein Pulver einer festen Losung von 
Metal loxiden ist 



36. Verfahren nach Anspruch 34, wobei das komplexe Metalloxid ein Pulver eines komplexen Metalloxids mit Granat- 
struktur der Formel: 



(Ma)3(Mb)2KM C )04]3 (I) 

ist, in der M A , M B und Mq gleich oder verschieden sind und jeweils fur ein metaDisches Element stehen, mit der 
MaBgabe, daB nicht aJle M A . M B und Mc das selbe metallische Element sind. 
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37. Verfahren nach Anspruch 36, wobei M A wenigstens ein Element der Gruppe Kupfer, Magnesium, Calcium, Sel- 
tenerdelemente. Bismut und Mangan ist und M B und Mc 9^ch Oder verschieden sind und jeweils wenigstens ein 
Element a us der Gruppe Zink, Scandium, Aluminium, Gallium, Indium, Titan, Zirkon, Silizium, Germanium, Zinn, 
Vanadium. Chrom, Mangan, Eisen. Kobatt und Nickel sind. 

5 

38. Verfahren nach Anspruch 37, wobei M A for Yttrium stent und M B und Mc beide fur Aluminium stehen. 

39. Verfahren nach Anspruch 37, wobei M A fur Yttrium, wcvon ein Teil durch ein werteres Seltenerdelement ersetzt ist, 
stent und M B und M c beide fur Aluminium stehen. 

10 

40. Verfahren nach Anspruch 39, wobei das weitere Seltenerdelement Terbium oder Dysprosium ist. 

41 . Verfahren nach Anspruch 37, wobei M A fur Dysprosium stent und M B und M c beide fur Aluminium stehen. 

is 42. Verfahren nach Anspruch 37, wobei M A fur ein Seltenerdelement stent und M B und Mc beide f Or Eisen stehen. 

43. Verfahren nach Anspruch 42, wobei das Seltenerdelement Yttrium, Gadolinium oder Dysprosium ist. 

44. Verfahren nach Anspruch 35, wobei die teste LOsung erne teste LOsung von Zirkonoxid und Yttriumoxid ist 

20 

45. Verfahren nach einem der Anspruche 24 bis 44. wobei das Brennen in Gegenwart eines Impfkristalls durchgefuhrt 
wild. 

46. Verfahren nach Anspruch 45, wobei die Schuttriichte des Impfkristalls 40% oder weniger der theoretischen Dichte 
25 betragt. 

Revendications 

1 . Poudre d'oxyde metallique complexe comprenant au moins deux elements metal liques, qui comprend des particu- 
30 les polyedriques ayant chacune au moins 6 plans, une granulometrie moyenne en nombre de 0,1 a 500 urn, et un 

rapport D9o/D 10 de 10 ou moins, D 10 et D90 etant les granulomeres a une accumulation de 10 % et 90 %, respec- 
tivement depuis le cdte de granulometrie la plus foible dans une courbe granulometrique cumulee des particules. 

2. Poudre d'oxyde mGtallique complexe selon la revendication 1, caracterisee en ce que lacfite granulometrie 
35 moyenne en nombre est de 0,1 a 300 \ur\, et lecfit rapport Dgo/D^ est 5 ou moins. 

3. Poudre d'oxyde metallique complexe selon la revendication 2, caracterisee en ce que le rapport d'une granulome- 
trie cumulee a une granulometrie primaire est de 1 a 6. 

40 4. Poudre cfaxyde metallique complexe selon la revendication 3, caracterisee en ce que le rapport d'une granulome- 
trie cumulee a une granulometrie primaire est de 1 a 3. 

5. Poudre cfaxyde metallique complexe selon la revendication 3, caracterisee en ce que ladrte granulometrie 
moyenne en nombre est de 20 a 300 Jim. 

45 

6. Poudre d'oxyde metallique complexe selon Tune des revendications 1 a 5. caracterisee en ce qu'au moins lesdrts 
deux metaux sorrt une combinaison de metaux a I'exclusion cfune combinaison de metaux alcalins seuls. 

7. Poudre d'oxyde metallique complexe selon I'une des revendications 1 a 5, caracterisee en ce qu'elle est une pou- 
so dre en solution solide d'oxydes metalliques. 

8. Poudre d'oxyde metallique complexe selon la revendication 6, caracterisee en ce qu'elle est une poudre d'oxyde 
metallique complexe ayant une structure grenat representee par la for mule: 

dans laquelle M A . M B et Mq sort semblables ou dfferents et represented chacun au moins un element metallique, 
a condition que tous les M A , M B et Mq ne soient pas le meme element metallique. 
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9. Poudre d'oxyde meiallique complexe selon la revendication 8, caracterisee en ce que M A est au moins un element 
choisi dans le groupe forme par le cuivre, le magnesium, le calcium, les cements de terre rare, le bismuth et le 
manganese, et M B et sort semblabfes ou differerts et chacun sort au moins un §l6ment choisi dans le groupe 
form6 par le zinc, le scandium, I'aluirtiniurn, le gallium, I'indium, le titane. le zirconium, le silicium, le germanium, 
retain, le vanadium, le chrome, le manganese, le fer, le cobalt et le nickel. 

10. Poudre d'oxyde metallique complexe selon la revendication 9, caracterisee en ce que M A est un element de terre 
rare et M B et NIq sort tous deux I'aluminium. 

1 1 . Poudre d'oxyde metallique complexe selon la revendication 9, caracterisee en ce que M A est le dysprosium, et M B 
et Mq sort tous deux ('aluminium. 

12. Poudre d'oxyde metallique complexe selon la revendication 9. caracterisee en ce que M A est un element de terre 
rare, et M B et Mc sort tous deux le fer. 

13. Poudre d'oxyde metallique complexe selon la revendication 12, caract6ris6e en ce que M A est I'yttrium. 

14. Poudre (foxyde metallique complexe selon la revendication 12, caracterisee en ce que M A est le gadolinium. 

15. Pdudre cfoxyde metallique complexe selon la revendication 12, caracterisee en ce que M A est le dysprosium. 

16. Poudre d'oxyde metallique complexe selon la revendication 7, caracterisee en ce que ladite solution solide est une 
solution solide d'oxyde de zirconium et d'oxyde rfyttrium. 

17. Poudre de grenat d 'yttrium-aluminium, comprenant des particules polyedriques ayant chacune au moins 6 plans, 
et ayant une granulomere moyenne de 20 a 500 urn. 

18. Poudre de grenat dVttrium-aluminium seton la revendication 1 7, caracterisee en ce qu'elle a une distrflxrtion gra- 
nulometrique representee par le rapport Dgo/D 10 egal a 10 ou moins, D 10 et Dqq Start des granulomeres a 10 % 
et 90 % d'accumulation, respectivement depuis le cdte de granulomere la plus fefole dans une courbe granulome- 
trique cumuiee des particules constituant ladite poudre de grenat dVttrium-aluminium . 

19. Poudre de grenat d'yttrium-aluminium selon la revendication 17 ou 18, caracterisee en ce qu'une partie des 616- 
ments dyttrium sort remplaces par au moins un metal choisi par mi les Elements de terre rare, le chrome, le cobalt 
et le nickel. 

20. Poudre de grenat cf yttrium-aluminium comprenant des particules polyedriques ayant chacune au moins 6 plans, 
qui est prepar6e par calcination d'oxyde dyttrium et/ou un pr6curseur d'oxyde dyttrium qui engendre de roxyde 
dyttrium par chauffage, et d'oxyde cTaluminium et/ou un precurseur d'oxyde <f aluminium qui engendre de roxyde 
d'aluminium par chauffage, dans une atmosphere contenart au moins un gaz choisi dans le groupe forme par: 

(1) un halog enure dlrydrogene, 

(2) un compose prepare a partir d'halogene moieculaire et de vapeur et 

(3) un haJogene moieculaire. 

21. Poudre de grenat dyttrrum-aJuminium selon la revendication 20, caracterisee en ce qu'une partie des elements 
dyttrium sort remplaces par au moins un metal choisi parmi les elements de terre rare, le chrome, le cobalt et le 
nickel. 

22. Poudre de grenat dyttrium-aluminium selon la revendication 20, caracterisee en ce que ladite atmosphere de gaz 
contiert au moins 1 % en volume dudit halogenure dTiydrogene, ou au moins 1 % en volume dudit halogene moie- 
culaire, ou ledit compose gazeux etant prepare a partir d'au moins 1 % en volume dudit halogene moieculaire et 
d'au moins 0,1 % en volumede vapeur. 

23. Poudre de grenat d'yttrium-aluminium seton la revendication 20, caracterisee en ce que letfit halogenure dTiydro- 
gene (1) est le chlorure (fhydrogene ou le bromure dtiydrogene, et ledit halogene moieculaire dans (2) ou (3) est 
le chlore ou le brome. 
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24. Proc6d6 de preparation cTune poudre d'oxyde metallique complexe comprenant au moins deux elements m6tal!i- 
ques, I edit procede comprenant la calcination d'un melange d'au moins deux poudres cToxydes metaliiques et/ou 
des precurseurs en poudre d'oxydes metaliiques, ou un precurseur en poudre d'oxydes metaliiques comprenant 
au moins deux elements metaliiques dans une atmosphere contenant au moins un gaz choisi dans le groupe forme 

5 par: 

(1) un hatogenure dtiydrogene, 

(2) un compose prepare a partir dtialogene moleculaire et de vapeur et 

(3) un halogene moleculaire. 

10 

25. Proc£de selon la revendication 24, caracterise en ce que le gaz contenu dans ladite atmosphere de gaz est un 
halogenure dtiydrogene. 

26. Precede selon la revendication 25, caracteris6 en ce que ledrt halogenure dtiydrogene est le chlorure dtiydrogene, 
is le bromure dtiydrogene ou llodure dtiydrogene. 

27. Proc6d6 selon la revencOcation 25, caracterise en ce que la concentration ducfit halogenure dtiydrogene dans 
ladite atmosphere de gaz est au moins 1 % en volume. 

20 28. Procede selon la revendication 24, caracterise en ce que le gaz contenu dans ladite atmosphere de gaz est ledrt 
compose prepare a partir d'halogene moleculaire et de vapeur. 

29. Proc6d6 selon la revendication 28, caracterise en ce que ledit halogene moleculaire est le chlore. le brome ou 
node. 

25 

30. Procede selon la revend cation 28, caracterise en ce que ledrt compose prepare a partir dtialogene moleculaire et 
de vapeur est un compose prepare a partir cfau moins 1 % en volume ducfit halogene moleculaire et d'au moins 
0,1 % en volume de vapeur, tous deux par rapport a ladite atmosphere de gaz. 

30 31 . Procede selon la revendication 24, caracterise en ce que le gaz contenu dans ladite atmosphere de gaz est un 
halogene moleculaire, ledit halogene moleculaire etant le chlore, le brome ou llode, et la concentration dudit 
halogene moleculaire dans ladite atmosphere de gaz etant d'au moins 1 % en volume. 

32. Procede selon la revendication 24, caracterise en ce que la masse volumique apparertte ducfit melange d'au moins 
35 deux poudres d'oxydes metaliiques et/ou des precurseurs en poudre d'oxydes metaliiques, ou ducfit precurseur en 

poudre d'oxydes metaliiques comprenant au moins deux elements metaliiques est egale a 40 % ou moins de la 
masse volumique theorique. 

33. Proc6d6 selon la revencfication 24, caracterise en ce que ladite poudre d'oxyde metallique complexe est obtenue 
40 a un endrort ou est present ledit melange d'au moins deux poudres d'oxydes metaliiques et/ou des precurseurs en 

poudre d'oxydes metaliiques, ou ledit precurseur en poudre d'oxydes metaliiques comprenant au moins deux ele- 
ments metaliiques. 

34. Procede selon la revendication 24, caracterise en ce qu'au moins lesdits deux metaux sort une combinaison de 
45 metaux exduant une combinaison de metaux alcalins seuls. 

35. Procede selon la revendication 24, caracterise en ce que ladite poudre d'oxyde metallique complexe est une pou- 
dre en solution solide d'oxydes metaliiques. 

so 36. Procede selon la revendication 34, caracterise en ce que ladite poudre d'oxyde metallique complexe est une pou- 
dre d'oxyde metallique complexe ayant une structure grenat representee par la for mule: 

(Ma)3(Mb)2[(Mc)0413 0) 

55 dans laquelle M A , M B et M c sont semblables ou differerrts et represented chacun au moins un element metallique, 
a condition que tous les M A , M B et Mc ne soient pas le meme element metallique. 

37. Procede selon la revendication 36, caracterise en ce que M A est au moins un element choisi dans le groupe forme 
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par le cuivre, te magnesium, le calcium, ies elements de terre rare, le bismuth et le manganese, et M B et M c sort 
semWables ou differents et sort chacun au moins un element choisi dans le groupe forme par le zinc, le scandium, 
Paluminium, le gallium, I'indium, le titane, le zirconium, le silicium, le germanium, retain, le vanadium, le chrome, le 
manganese, le fer, le cobalt et le nickel. 

5 

38. Precede selon la revendication 37, caracterise en ce que M A est I'yttrium et M B et Mc sort tous deux raluminium. 

39. Procede selon la revendication 37, caracterise en ce que M A est I'yttrium dont une partie est remplacee par un 
autre element de terre rare, et M B et M c sort tous deux Paluminium. 

10 

40. Procede selon la revendication 39, caracterise en ce que ledit autre element de terre rare est le terbium ou le dys- 
prosium. 

41. Procede selon la revendication 37, caracterise en ce que M A est le dysprosium, et M B et M c sort tous deux I'alu- 
15 minium. 

42. Procede selon la revendication 37. caracterise en ce que M A est un element de terre rare, et M B et Mc sort tous 
deux le fer. 

20 43. Procede selon la revendication 42, caracterise en ce que ledit element de terre rare est I'yttrium, le gadolinium ou 
le dysprosium. 

44. Procede selon la revendication 35, caracterise en ce que ladrte solution solide est une solution solide d'oxyde de 
zirconium et cfoxyde dyttrium. 

25 

45. Procede selon Tune des revendicafons 24 k 44, caracterise en ce que ladite calcination est effectuee en presence 
d'un germe cristallin. 

46. Procede selon la revendication 45, caracterise en ce que la masse volumetrique apparente dudit germe cristallin 
30 est egale & 40 % ou moins de la masse volumetrique theorique. 
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